Abstract The objectives of the study were to compare the DENV NS1 and nucleic acid positivity in dengue fever (DF) and dengue haemorrhagic fever (DHF) patients and to evaluate the usefulness of these parameters in severe dengue. Blood samples were collected from 91 patients with DF or DHF (fever days 3-9) from Gampaha and Negombo General Hospitals, Sri Lanka and tested for DENV NS1 antigen and nucleic acid. On fever day 3, 67% of the DF and 33% of the DHF patients had DENV nucleic acid whereas 50% of the DF and 67% of the DHF patients had NS1. On fever day 4, 67% of the DF and 100% of the DHF patients had DENV nucleic acid whereas 83% of the DF and DHF patients had NS1. From fever day 5 in the DHF group, DENV nucleic acid declined but NS1 remained detectable even on day 9 (p \ 0.0001). NS1 positivity did not correlate with the decrease in the WBC count in DF and DHF patients (p [ 0.05) whereas NS1 positivity significantly correlated with the decrease in the platelet count in DF and DHF patients (p \ 0.0001). NS1 is a useful marker to detect DENV infection even in the latter stages of DHF.
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Keywords Dengue fever Á Dengue haemorrhagic fever Á DENV nucleic acid Á NS1 antigen Dengue virus (DENV) infections results in mild to severe clinical disease in populations living in the dengue endemic tropical and subtropical regions of the world. All four DENV types namely DENV-1, -2, -3 and -4 have been cocirculating in Sri Lanka since the early 1960s and established in the island causing regular outbreaks especially from the early 1990s [1] . The vectors for DENV transmission, Aedes aegypti and Aedes albopictus are also well established and adapted even to brackish waters in the country [2] .
Clinically apparent DENV infection is categorized into dengue fever (DF) dengue haemorrhagic fever (DHF), the latter will have a critical period of plasma leakage usually lasting for 24-48 h with or without haemorrhagic manifestations (http://www.wpro.who.int/mvp/documents/hand book_for_clinical_management_of_dengue.pdf). A large majority of the dengue associated deaths occurs in the DHF group. The aetiological diagnosis of DF/DHF includes the detection of DENV antigen or antibodies in the serum, virus isolation by culture and virus nucleic acid detection using reverse transcriptase-polymerase chain reaction (RT-PCR) [3] . However, the diagnosis of DF/DHF using each of these methods depends on the disease phase in which the patient is at the time of sample collection, the availability of the test/s and the cost associated with the test/s [3] . Moreover, testing for more than one viral marker would improve the detection of DENV infections in severe cases.
The most common approaches used to test for DENV infection include RT-PCR to detect the viral nucleic acid in the early phases and serological assays to detect anti-DENV IgM/anti-DENV IgG in the latter phases of the disease [4] . However, DENV NS1 antigen has been used to detect DENV infection widely since the last decade [1] . DENV genome encodes seven non-structural proteins, NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5, which are responsible for viral replication and modulation of cellular functions [5] . NS1 is a highly conserved glycoprotein that is present at high concentration in the sera of DENV-infected patients during the early clinical phase of the disease and it can serve as an antibody target for DENV [5] . NS1 antigen is found from the first day to up to day 9 after the onset of fever in primary or secondary DENV infections [6] . Use of NS1 detection for the diagnosis of DENV infections in clinically suspected DF/DHF is simple and cost effective with high detection sensitivity and specificity through different immunological platforms like ELISA and immunochromatography based rapid assays to suit the number of samples under evaluation [1] . In the present study we compared the DENV NS1 and nucleic acid positivity in clinically suspected DF/DHF patients and assessed the usefulness of NS1 as a diagnostic marker in the latter stages of DHF.
Ethical approval for the study was obtained from the Ethics Review Committee of the Faculty of Medicine, University of Peradeniya, Sri Lanka (2011/EC/49). Blood samples were collected once from clinically suspected DF/ DHF patients (n = 91) from fever day 3 to 9 from Gampaha and Negombo General Hospitals in Sri Lanka soon after the admission of the patients to the respective wards. Sera were separated by centrifugation at 2000 rpm for 5 min followed by collection with disposable Pasteur pipettes into an eppendorf tube, which were labeled and stored at -80°C until tested.
Ninety-one patients' blood samples were tested to detect DENV NS1 using ELISA (SD Diagnostics). Following the manufactures instructions anti-dengue NS1 coated plate was used to capture dengue NS1 antigen form the patients' sera. Absorbance reading was taken at 450 nm with a reference optical density of 620 nm using the ELISA reader (Model-SN0393004373-Tecan, Austria). Viral RNA was extracted from the sera using a validated extraction system according to the manufacturer's instructions (QIAmp Viral RNA mini kit, Hilden, Germany, Cat No 52906). DENV nucleic acid by RT-PCR was performed using primers (Forward DV1-TCAA-TATGCTGAAACGCGCGAGAAAACCG, Reverse DV2-TTGCACCAACAGTCAATGTCTTCAGGTTC, amplifying a 511 bp product) targeting the capsid gene of the DENV following the methods described by Lanciotti et al. [7] . The statistical analysis for the study was performed using the Student's t test for comparison between different groups with the help of statistical software, Graphpad Prism, Version 7. The differences in the mean WBC and platelet counts were considered significant at p value B 0.05.
Of the 91 patients tested, 45 (49.5%) had DF and 46 (50.5%) had DHF based on the clinical classification using the plasma leakage and haemorrhagic manifestations during the clinical illness. Patients who developed DHF showed high NS1 positivity even in the latter stages of illness (Fig. 1) . DENV nucleic acid positivity by RT-PCR was high in DF on fever day 3 and in DHF on fever day 4 compared to NS1 antigen as detected by ELISA. From fever day 5 onwards, NS1antigen positivity increased in both DF and DHF patients, however, NS1 positivity was significantly higher in the DHF group than that in the DF group (p \ 0.0001) (Fig. 1) . In contrast, DENV nucleic acid positivity declined with time in both DF and DHF patients. On fever day 5, 50% of the DF patients showed DENV nucleic acid positivity whereas only 29% of the DHF patients were positive for DENV nucleic acid on fever day 5. Conversely, the DENV nucleic acid positivity in DF patients was higher in fever day 5 and 6 compared to DHF patients. DENV NS1 positive DF patients had a mean WBC count of 3450 cells/mm 3 and DHF patients had a mean WBC count of 2967 cells/mm 3 as compared by the unpaired t test (p = 0.235). Mean platelet count of NS1 positive DF patients was 84,800 mm 3 and the mean platelet count of DHF patients was 42,945/mm 3 (p = \ 0.0001). The association between the drop in platelets and NS1 positivity was statistically significant in DF and DHF patients (Fig. 2) . DENV NS1 protein is involved in RNA replication as it resides at the site of RNA replication, however, the exact role of NS1 is not clear [6] . In this study we have evaluated the association between the NS1 positivity and severe dengue and the usefulness of detecting NS1 in patients who present late in DHF. In the current study, similar to many other studies, NS1 antigen positivity was detected from fever days 3 to 9 [6] . However, NS1 negativity in latter stages does not eliminate an acute DF/DHF, as the negativity might be due to undetectable levels of NS1 antigen in the blood at the time of testing.
In our study, DENV NS1 was detected when DENV nucleic acid was negative by RT-PCR in both DF and DHF patients at the latter part of clinically apparent DENV infections. DENV nucleic acid positivity was higher in DF patients on fever days 3 and 4 when compared to NS1 at the same time of the illness. RT-PCR detection of DENV nucleic acid declined with time indicating the suitability of RT-PCR during the viraemic febrile phase. But the test is not useful around the time of defeverscence, a time when the clinical complications of vascular leakage are most likely to manifest with a decrease in viral burden [8] [9] [10] . Moreover, detection of DENV nucleic acid by RT-PCR is expensive and not readily available in resource poor dengue endemic regions.
Dengue NS1 levels differed in individuals ranging from a couple of nanograms per milliliter to 50 l ml -1 during defervescence [6, 13] . Thus, detection of NS1 antigen might allow a virological diagnosis of DENV infection in the early stages as well as latter stages even when PCR is not useful. DENV NS1 antigen levels correlate with disease severity early in the dengue illness [11] , suggesting NS1 tests might also have a prognostic value. Based on the findings of the current study, NS1 antigen positivity in DF patients declined with time and fever days 7, 8 and 9 showed 57, 29 and 29% positivity, respectively. In DHF even in fever days 7, 8 and 9, NS1 antigen was positive in 71, 71 and 57% of patients, respectively. Recent studies have also shown the positive correlation between NS1 positivity and antigenaemia in severe dengue [12, 13] .
Low WBC count was observed in NS1 positive DF and DHF patients, however, no significant difference was noted in the WBC count between these two groups in the present study. Previous research findings have shown leucocytopenia in DF patients possibly caused by virus-induced inhibition/destruction of myeloid progenitor cells [14] . Thrombocytopenia is a criterion for the diagnosis of DF according to WHO guidelines (http://www.wpro.who.int/ mvp/documents/handbook_for_clinical_management_of_ dengue.pdf). The current study showed a significant decrease in platelet counts in NS1 positive DF and DHF Fig. 1 DENV nucleic acid and DENV NS1 antigen positivity in relation to fever days in DF and DHF patients (n = 91) sampled once between fever days 3 to 9. DENV NS1 antigen detected by ELISA and DENV nucleic acid detected by RT-PCR are given and the number of patients tested for each marker is given in parentheses, DF-DENV nucleic acid-DENV nucleic acid in DF patients; DF-NS1 antigen-DENV NS1 antigen in DF patients; DHF-DENV nucleic acid-DENV nucleic acid in DHF patients; DHF-NS1 antigen-DENV NS1 antigen in DHF patients patients (p = \0.0001). The association between NS1 levels and clinical severity is thought to be related to the cross-reactivity of anti-DENV NS1 antibodies with platelets and endothelial cells leaving sufficient levels of NS1 for detection [15, 16] .
In this study we have compared DENV NS1 and nucleic acid profiles in DF and DHF patients. DENV NS1 antigen positivity is high when compared to DENV nucleic acid in patients with clinically apparent DENV infection. Some patients with absence of DENV nucleic acid showed NS1 positivity from fever day 3 to 9, suggesting the usefulness of NS1 to detect DENV infection even in the latter stages of DHF.
Moreover, NS1 antigen can be used as a viral marker to detect DENV antigenaemia helping a cost effective diagnosis even in latter stage of DF/DHF in resource poor settings. With the availability of rapid immunochromatography based tests for DENV NS1 detection, rapid and early diagnosis of dengue is possible contributing to stringent patient management. Further investigations are needed to understand the relationship between DENV NS1 antigen and DHF to predict clinical severity in patients with severe dengue. A few limitations of the present study include testing both adult and paediatric patients in a relatively small sample size and not using quantitative tests for detecting DENV nucleic acid and NS1 antigen profiles. With an increase in the sample size by another 50% including a reasonable number of children and adults, the study would have evaluated the changes in DENV nucleic acid and NS1 antigen in paediatric and adult DF and DHF patients. Use of quantitative tests to detect these markers would have helped to assess the changes in the concentrations of these viral markers in DF and DHF patients in different days of fever.
